In Uganda there is a high incidence of megacolon in male Africans which shows an interesting tribal distribution. It has been considered that this results from chronic partial obstruction due to the possession of a long sigmoid colon with considerable mobility because the megacolon is discovered when patients present with an acute volvulus. However, we are by no means convinced that this theory is satisfactory as a general rule and we are seeking alternativeexplanations .
In Hirschsprung's disease the megacolon is considered to be the response of normal colon to obstruction caused by aganglionosis in the distal region. The megacolon is not itself morphologically abnormal (Swenson, Neuhauser, and Pickett, 1949; Bodian, Stephens, and Ward, 1949) . On the other hand the megacolon in Chagas disease is said to result from hypersensitivity of the muscle and incoordination of activity which results from destruction of large numbers of ganglia in the myenteric plexuses following infestation with, Trypanosoma cruzei (Koberle, 1958) . The megacolon itself is morphologically abnormal. Routine histopathology has not suggested any morphological basis for the megacolon we see in Kampala, either in the dilated or normal segments. Quantitative estimations of the ganglion cell density in the dilated region reveal no reduction (Bohm, 1965, personal communication) and Chagas disease has never been described in Africa. Complement-fixation tests carried out on serum from our patients have been negative. Hypertrophy of other organs so characteristic of Chagas disease has never been found in our cases so we have no reason to suspect this disease. Whitehouse and Kernohan (1948) found that ganglia were present to a normal degree in the secondary megacolon occurring in sigmoid carcinoma, intermittent volvulus, and enterocolitis. Our material came from patients undergoing resection of a sigmoid megacolon. In most cases they had presented with volvulus, but an interval of three weeks to three months elapsed between relief of the obstructive phase by sigmoidoscopy and the resection. We have discussed elsewhere the criteria for the condition we recognize as megacolon and tissue for these observations was not taken from colon that appeared in any way abnormal. The tissue whose response we are describing came from a region of sigmoid colon which appeared normal radiologically and histologically and which at laparotomy showed normal activity and no evidence of dilatation or hypertrophy. We have called this material 'normal' colon. Fishlock and Parks (1963) caused inhibition succeeded immediately by contraction which was then shortly followed by inhibition. When this occurred it was some time before contraction could again be elicited by a further dose.
This sequence is illustrated in Figure 1 . Figure 2 shows the response of two adjacent strips of longitudinal muscle to the same concentration of nicotine. Both yield a diphasic response but require different contact times.
Our observations suggest, therefore, that nicotine and D.M.P.P. can produce both inhibitory and contractile responses in both circular and longitudinal colonic muscle but that the actual response obtained in any instance depends on concentration, contact time, and the intrinsic properties of each preparation.
The analysis by previous authors of the response of colonic muscle in other species suggests that the initial inhibition is due to the release of a sympathetic transmitter from postganglionic structures and the contraction is the result of stimulation of parasympathetic ganglia. The inhibitory factor has the lower threshold but its effect can be overcome by the second factor. Figure 3 shows that the concentration of nicotine which alone produces a diphasic response will produce only inhibition in the presence of hyoscine. In the presence of neostigmine inhibition is annulled and contraction is greater. It can also be seen that subsequent relaxation is hastened by neostigmine. This is a constant observation (Fig. 4) Some observations oni th1 responise of normal humani sigmnoid colo/a to drugs in vitro acetycholine, adrenaline, and D.M.P.P. was obtained for each. Thirty seconds' contact time was allowed so that only a net inhibitory response was obtained with D.M.P.P. and this drug was not repeated at less than 15-minute intervals to avoid possible paralytic effects. Half the preparations were then treated with neostigmine, pronethalol, bretylium, or hyoscine and after 30 minutes' contact the dose response relationships were reinvestigated on all preparations. Figure 5 shows the range of variations of response to acetycholine and adrenaline in all preparations during the course of the experiment. It shows that neither pronethalol nor bretylium in the concentration used had much effect on the response to acetylcholine and that neither neostigmine nor hyoscine in the concentration used affected the response to adrenaline. The concentration of neostigmine and hyoscine had the expected effect on the acetylcholine response. The response to adrenaline was completely blocked by the concentration of pronethalol used while bretylium had a small apparent effect. We therefore suggest that the effects of these agents on the response to D.M.P.P. can be interpreted in terms of their action of the release in or response by the tissues to acetylcholine and adrenaline and not to unspecific side effects.
To measure the net inhibitory response to D.M.P.P. we have drawn the initial baseline through the monophasic or diphasic response and measured the area below it, the effective inhibition. This is because we are considering the release of, and response to, substances with opposing actions and time is as important a factor as extent of response. Where the net response was contraction it has been similarly assessed.
Figures 6 and 7 show that the initial inhibition caused by D.M.P.P. is reduced by neostigmine which favours the cholinergic mechanism and by bretylium which reduces the participation of the adrenergic mechanism. The inhibition is blocked by pronethalol which opposes the action of the adrenergic transmitter and contraction results. The inhibition is increased by hyoscine which opposes the cholinergic mechanism.
EFFECTS OF 5-HYDROXYTRYPTAMINE (5HT) Nicotine, D.M.P.P., and 5-hydroxytryptamine have all been reported to inhibit circular muscle from human colon. We have found that nicotine and D.M.P.P. can also cause it to contract. In one instance only we found that 5HT 10-8 caused contraction of circular muscle. This was a repeatable response which showed tachyphylaxis in the usual way and was blocked by 1-methyl lysergic acid butanolamide 106. We have only obtained inhibition with other specimens (Fig. 8) at all dose levels. Longitudinal muscle, however, regularly responds to 5HT by a contraction which greatly exceeds the contact time of the drug. It is often preceded by a short inhibition but we have been unable to produce purely inhibition (Fig. 9 ). Many minutes are required for full relaxation and the response to a subsequent dose is much reduced if it follows within about 15 minutes of the first.
The response of longitudinal muscle to 5HT may thus seem similar to the response to nicotine or D.M.P.P., but, while the response to these drugs may be blocked by hexamethonium, the same preparation continues to respond to 5HT (Figs. 9 and 10) . The response to 5HT may be blocked by 1-methyl lysergic acid butanolamide 10-6 which spares the nicotine and D.M.P.P. response.
DISCUSSION
Human colon is tlhick tissue and even thin slices of the muscle are thicker than is usually favoured for full survival in an isolated system (Umbreit, Burris, and Stauffer, 1949) . This may have several consequences. It may mean that drugs take longer to reach a threshold concentration in more deeply placed structures and the earliest response comes from more superficial ones. This might explain the late appearance of the response we attribute to parasympathetic ganglionic stimulation and the time variation between different preparations. On the other hand this variation may reflect differences in local stores of transmitter substances. Another consequence may be that deeply placed nervous tissue suffers from anoxia, since Day and Vane (1963) have shown that it may be completely inactivated in this way. On one occasion during our earlier experiments four adjacent strips of muscle were set up. All responded to acetylcholine but only two could be caused to contract by nicotine. The preparations were later fixed and examined histologically. They were all identical and no variation in the numbers of ganglion cells could be seen. Tissue anoxia is a possible explanation in this instance. Evans and Schild (1953) comment on the inconsistency which stripping of muscle coats from each other introduces into the normal regular response of longitudinal or circular strips of cat small intestine to drugs. In these human colon preparations the muscle coats are not separated but in making thin enough preparations variable damage may be introduced. Technical considerations may therefore influence the response of isolated human colonic muscle to drugs and contribute to the difference between our own conclusions and those of Fishlock and Parks (1963) and Bucknell and Whitney (1964) .
We are making a detailed study in vivo and in vitro on animal primate colon which behaves very similarly to human colon in vitro. Our results may help resolve these differences.
Our experimental results are very similar to those obtained in the rabbit colon (Gillespie and Mackenna, 1960) where the stimulating drug effects were compared with the effect of stimulating sympathetic and parasympathetic nerves.
We consider therefore that normal human colonic muscle has in association with it adrenergic structures assumed to be post-ganglionic sympathetic nerves, which can be stimulated by nicotine or D.M.P.P. and cause inhibition. Furthermore, there are also cholinergic structures, assumed to be parasympathetic ganglion cells, and possibly nerve endings , which may similarly be stimulated. The net response to nicotine may be influenced by drugs affecting cholinergic or adrenergic systems but unspecific side effects must be guarded against (Boyd, Burnstock, Campbell, Jowett, O'Shea, and Wood, 1963) . Bretylium preferentially blocks postganglionic sympathetic neurones (Boura and Green, 1959) , but in our preparation we found no margin between the dose necessary to block completely the inhibitory response to nicotine or D.M.P.P. and that which also blocked the contractile response. Again pronethalol, which opposes the action of adrenaline (Black and Stephenson, 1962) , can also block the contractile response at a concentration of 104. Neostigmine, except in very low concentrations, causes contraction itself, either due to the accumulation of endogenous acetylcholine from nervous and non-nervous structures (Feldberg and Lin, 1949) or by the liberation of acetylcholine from nerve endings (Carlyle, 1964) . We have attempted to avoid non-specific side effects and our results suggest that both sympathetic and parasympathetic systems are present in human colon and man does not differ from other species in the response to nicotine and D.M.P.P. in vitro. Circular muscle from human colon is usually inhibited by 5-hydroxytryptamine (Fishlock, 1964) but the response would usually appear to be different in human circular and longitudinal muscle. Similarity between the response of longitudinal muscle to 5HT and nicotine or D.M.P.P. would appear to be superficial only. Further investigations are being carried out and suggest that the response to 5HT may be in part via nervous structures. A similar response has been observed and is being investigated in guinea-pig taenia by Akubue (1965, personal communication) .
SUMMARY
The response to drugs in vitro of circular and longitudinal muscle strips from normal human sigmoid colon has been investigated.
An analysis of the effects of nicotine and D.M.P.P. suggests that both adrenergic and cholinergic systems are present. 
